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(57) ABSTRACT 

A method analyzes an image to be scanned and analyzes at 
least part of the image pixel-by-pixel. During or after a 
previeW scan, a characteristic is assigned to a plurality of 
pixels in the image and pixels are grouped according to 
similar characteristics. A representation of a least one of the 
characteristics corresponding to a group of pixels is com 
municated to the scanner. For example, the pixels may be 
analyzed to determining if the pixel is black or White. The 
pixels may also be analyzed to determining if a pixel is on 
an edge between black and White. Black pixels that are 
adjacent each other can be grouped together, and White 
pixels that are adjacent each other can also be grouped 
together. A region of an image With a relatively high number 
of black and White groups can be characterized as black and 
White text only. That characterization can then be used to 
properly set a scanner, for example, Without user 
intervention, so that the ?nal scan of the image can be done 
at 300 dpi With a loW bit depth. 

33 Claims, 14 Drawing Sheets 

40 
Start FI?il Scan 

Preview Scan Data-V '—FInal Scan Data‘ 

Image snip —/ 

I 
a 

Na SCBIIHQ I’ needed’? 
m 

I 
Image Scaling 



U.S. Patent Jun. 29, 2004 

34 

Sheet 1 0f 14 US 6,757,081 B1 

Q 34B 

¢ f 34A 

_ _ _ Transmitter! 

Buffer Receiver 

42 

/ 

CPU 

. 1 

[44 
. OCR (46 
3 WORD PROC 48 

DOC MGR 

: IMAGE PROCESSOR 

: WEB AUTHORING 
FIG. 2 



U.S. Patent Jun. 29, 2004 Sheet 2 0f 14 US 6,757,081 B1 

FIG. 3 



U.S. Patent Jun. 29, 2004 Sheet 3 0f 14 US 6,757,081 B1 

PEG. 4 

54 

55 



U.S. Patent Jun. 29, 2004 Sheet 4 0f 14 US 6,757,081 B1 

40 
ltistart Final Scan4> scanner ___d/ 5 

+—Preview Scan Data—i Jl—Final Scan Data-i 80 
60 

Image Strip Image Strip —/ 

62 82 
Scaling 
needed? 

Scaling 
needed? 

Yes Yes 84 
—v_____ v _/ 

image Scaling -—/ Image Scaling 

Page 
Analysis? 

Yes j 
Page Analysis 

, , 86 

/70 k j 
Image Processing ' y Image Processing 

72 

k 7 Image Cache J 

l 74 88 

Red'splay Image Editing Image Editing J 

l 
Image Preview 7 90 

V j 
‘ ‘ Scan Destination 

Select Area 78 
Select Settings \’ 



U.S. Patent Jun. 29, 2004 Sheet 5 0f 14 

92 
Image Strip / 

Yes 
Y 

96 
Convert to Yes 

Roller 98 
Removal? 

Yes 
V 

Remove Image 100 
Artifactor/Roller 

102 

Image Type 
Analysis 

_____,/104 

106 

Yes 

Find Crop Region ___,/ 108 
and Skew Angle 

y 

7 

Other 
Transformations 

110 

US 6,757,081 B1 

FIG. 6 



U.S. Patent Jun. 29, 2004 Sheet 6 0f 14 US 6,757,081 B1 

FIG. 7 

112 

Image Strip J 

“W A 116 

Dynamic . / 
Thresholding Gradlent Operator 

118 
Pixel Classifier ‘—-——-/ 

' 120 

Label Buffer 
Connectivity Anaysis/ 

l 
Blob Classification 

122 

l 
Blob Information 



U.S. Patent Jun. 29, 2004 Sheet 7 0f 14 US 6,757,081 B1 

125 12B 

130 

@223 Em 

H-il E? m1 
F'iml human i 

40 



U.S. Patent Jun. 29, 2004 Sheet 8 0f 14 US 6,757,081 B1 

FIG. 9 

[132 
—0.25 0 0.25 

~ [-0.5 0 as] G, —0.25 0 0.25 

Y 
—> 

—0.25 -0.5 -0.25 

> [ a a o ] _-> 0.25 0.5 0.25 

\ 134 

F I G. 1 0 

WHITE, chroma < T. AND "V Y“ < Tc AND Y z T» 

WHITE EDGE, chroma < Tc AND ||VYH 2 Tc AND Y z T» 

GRAY, chroma < T. AND “V Y“ < To AND T, g Y < Tw 

C(Y,“VY||,Chroma)= GRAY EDGE, chroma < Tc AND ||VY|| z T. AND T: 5 Y < Tw 
BLACK, (chroma < Tc AND Y < Tg) OR Y s 30 

COLOR, chroma z T. AND "V Y" < T... 
COLOR EDGE, chroma z T. AND ||vY|| z T. 

(Equation 2.) 



U.S. Patent Jun. 29, 2004 Sheet 9 0f 14 US 6,757,081 B1 

mm 

FEG. 1? 

130 10 

FiG. 12 

FIG. “33 



U.S. Patent Jun. 29, 2004 Sheet 10 0f 14 US 6,757,081 B1 

FIG. M 

Background 

1.54’ ’ 

FIG. 15 

I. E f‘ [11) 

‘1B2 



U.S. Patent 

FIG. 16 

FIG. 17 

Jun. 29,2004 Sheet 11 0f 14 US 6,757,081 B1 

174 172 

Content-based 
Processing 

Data Buffer Outgoing row 
Label Buffer _ Segmentation 

result 

Blob 
Store 

Incoming row 

Pixel Connectivity 
Classi?cation Analysis 

164 166 170 

180 178 

(b) (c) 



U.S. Patent Jun. 29, 2004 Sheet 12 0f 14 US 6,757,081 B1 

FIG, 18 

FEB. 20 

Box 1. Panda-mile fur ?u‘. $0M apcration. 

. Trace 11831 to the root 115131; 

.. Trace pSBZ m the ‘root 'rtSBZ; 

.. Combine the twn mot nodes by adding 
ath‘ibuw ofTtSEZ in‘ 115131 and in turn 
jnining (works the same fashion am this 
one) two bluhs if'necesssary; E 

4. Helen‘: SBCura: associatad with rtSBZ; 
5. Link 1113132 1:43 115.131; 



U.S. Patent 

F1621 

Jun. 29, 2004 Sheet 13 0f 14 US 6,757,081 B1 

Bux 2'. I’seudu-cude for the flatten operation. 

1, Trace pSB to this mot 118B while short 
cut?ing the nudes with c1111}r cane 
r??zirencc count [for example in 
A=>B=>C-, E is only painted by A. In 
this CHEE- A can he po-i?t?d directly in C 
bypassing B} ‘ 
Start ?'om PSB again and P?iilt all? link 
pointers diwuliy tn H16 mat nun'ia 11513 

I InhCnrQ 



U.S. Patent Jun. 29, 2004 Sheet 14 0f 14 US 6,757,081 B1 

1 '96 

iii 



US 6,757,081 B1 
1 

METHODS AND APPARATUS FOR 
ANALYZING AND IMAGE AND FOR 

CONTROLLING A SCANNER 

BACKGROUND OF THE INVENTIONS 

1. Field of the Invention 

The present inventions relate to methods and apparatus 
for analyzing images, and have particular application to 
analyzing scanned images, such as for identifying text. 

2. Related Art 

Large amounts of information are published or distributed 
to people in a printed format, such as in document form. The 
people originally receiving the documents may also have 
received digital or electronic versions of the information, but 
receiving information in both forms is not yet common. The 
person originally receiving the information may Want to 
convert it to an electronic form. Additionally, others Who 
may later receive the same documents may Want to have the 
information in electronic form, such as for redistribution, 
editing or archiving. One common Way of converting infor 
mation on documents to a digital or electronic form is to 
scan the documents and store the resulting images. 

Scanned images can be stored in any number of different 
formats, such as bitmaps, JPEG ?les, GIFs, and the like. The 
storage format may often be determined by the ultimate 
destination for the information. For example, information 
incorporated into a Web page may be stored in a different 
format than information incorporated into a Word processing 
document, Which may be different from the storage method 
for use in an audiovisual presentation. Additionally, infor 
mation that is received only in all text form, or in text form 
combined With graphical or pictorial images, may be sent to 
a Word processing application for editing. 

In many instances, the destination for a scanned image 
determines hoW the image is initially scanned, such as the 
scan settings. For example, if an image is text only, the scan 
can be set to a loW bit depth and high-resolution so that the 
image is best suited for Optical Character Recognition 
(OCR), reproduction and printing. For a graphical or picto 
rial image, the scan settings are more often set for a high bit 
depth and loWer resolution. Therefore, if a person Wants to 
put a text-only document into electronic or digital form, for 
subsequent editing, the scan settings should be a loW bit 
depth and high-resolution. Therefore, before a previeW scan 
of the image, and at least before any ?nal scan, the scanner 
should be set at 300 dpi and black and White. The resulting 
image can then be processed, such as de-skeWing, auto 
cropping and OCR. 
Many image scanners include a user interface by Which 

the user can select the desired settings. If the person knoWs 
What settings are necessary and knoWs hoW to apply them, 
the desired image data should be successfully received for 
later processing. HoWever, if the person did not make the 
proper settings, the resulting digital data most likely Will not 
be in the appropriate format for the desired end use of the 
data. For example, an image ultimately intended to be 
retrieved as an editable text document that is scanned With 
a loW resolution and a high bit depth Will not produce a data 
?le that can be suitably processed through OCR. 

Scanned images are often processed after scanning to 
make the images appear more like the original document. 
For example, a scanned text document Which is intended to 
be displayed only as a picture or graphic depiction of the 
original may depict the text on a light gray or slightly yellow 
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2 
background because the digital data representing the back 
ground is not alWays given or assigned a Zero value or other 
numerical value representing 100 percent White. Therefore, 
the image Will not appear like the original. To improve the 
appearance, the image data ?le is processed to bring the 
background closer to White. Additionally, the image data ?le 
may be processed to make the text appear sharper. HoWever, 
if the correct settings are not applied to the scanner, or if the 
proper destination for the digital data is not selected, the 
desired processing may not be carried out on the image. 

Different hardWare and scanners and different environ 
ments produce different scan results for a given image. For 
example, different digital values can be assigned to all black 
and all White pixels. Consequently, the point at Which a pixel 
Will be treated as White or as black may cause some pixels 
to be identi?ed as black or White and other pixels to be a 
shade of gray. With color scanners, detected colors, includ 
ing black and White may vary as a function of temperature 
and ambient light. An all black and White image may be 
converted to digital data that Would be displayed With the 
light gray or light yelloW background. Additionally, parts of 
the black text may be depicted as dark shades of gray. 
Consequently, if the image is not properly classi?ed as black 
and White text, the image may not be properly processed, 
and it Would not be displayed in such a Way as to look like 
the original. 

SUMMARY OF THE INVENTIONS 

Methods and apparatus are provided Which improve the 
likelihood that an image containing text Will be properly 
classi?ed. One or more aspects of the present inventions 
improves the possibility that analysis of the image produces 
the correct classi?cation, both quickly and With little or no 
user intervention. In one aspect of the present inventions, 
images can be properly scanned as text only, graphic only or 
a mix of both Without requiring any user input. A processor 
can make a determination of the proper scan mode, includ 
ing proper resolution and bit depth, even Without user input. 
The image can be properly classi?ed even during or by the 
end of a previeW scan, not only so that the proper settings 
can be applied to the scanner for the ?nal scan, but also so 
that the data ?le can be placed in the proper format for its 
ultimate destination. 

In accordance With one aspect of one of the present 
inventions, image analysis can be carried out by analyZing 
at least part of an image, such as a scanned image, to 
determine Whether the image elements, such as a pixel, are 
black and White text or graphic. The image elements are 
grouped by type, and image elements that are identical or 
suf?ciently similar in type and have sufficient proximity are 
grouped together. An indication is sent to the scanner 
controller as to hoW the image has been classi?ed. For 
example, a processor may send a signal to the scanner 
controller that the image part analyZed is text only, graphic 
only or a mixture of text and graphic. In this Way, a processor 
can be used to analyZe and classify an image or a part of an 
image and to apply appropriate settings to the scanner for a 
?nal scan. Additionally, the classi?cation of the image or 
part of the image can be communicated to the user through 
a user interface, for con?rmation or to alloW the user to make 
adjustments, further settings or the like. 

In another aspect of one of the present inventions, a 
threshold value for What image elements Will be treated as 
all White or all black can be determined dynamically. For 
example, as a scan progresses, the background of the image 
may change slightly, the ambient light or the equipment 
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temperature may change slightly and affect the image scan. 
By dynamically adjusting the threshold value for black or 
White, these variations can be taken into account so that the 
resulting ?le is a closer representation of the original image. 

In a further aspect of one of the present inventions, 
gradient analysis is used to help identify Whether an image 
is changing betWeen dark and light. The gradient analysis 
helps to de?ne boundaries in the image, Which also helps to 
group identical or suf?ciently similar image elements. 

In accordance With another aspect of one of the present 
inventions, an image or parts of an image can be analyZed 
even While the scan is progressing. For example, data from 
a scan can be received by a processor on a line-by-line basis 
or in strips With groups of lines as the previeW scan or 
original scan progresses. The real-time analysis is especially 
helpful in identifying images that are a mixture of text and 
graphic, and therefore Would not be scanned or processed as 
text only or graphic only. In such a case, for example, the 
image analysis can be immediately terminated and the image 
data sent directly to the processor for ?nal processing and/or 
output to the ultimate destination. Such an image Would not 
be a candidate for text only or graphic only processing. 

In another aspect of one of the present inventions, part of 
an image classi?cation may include classifying an image 
element or pixel as White, White edge, gray, gray edge and 
black. These classi?cation labels may be particularly helpful 
in identifying text-only images. In one form of one aspect of 
the inventions, the pixels may be classi?ed using a gray 
scale method and in another form they may be classi?ed 
using a chroma method. The pixel classi?cation may be 
made With any desirable tolerances, as selected by the 
person designing the softWare. For example, pixels of Wider 
varying characteristics can be classi?ed into a relatively feW 
classi?cations, so that pixel detail is ignored, lost or dis 
carded in favor of feWer classi?cations. Alternatively, the 
larger number of pixel types can be accounted for by having 
more classi?cations. In either case, the grouping of image 
elements by type can be carried out as tightly or loosely as 
desired, and the method may depend on Whether the tight 
thresholds are set either early in the process at the pixel 
classi?cation stage or later during the grouping. For 
example, pixel anomalies, such as a single lighter pixel in a 
group of dark pixels, can be classi?ed more loosely as a 
black pixel along With the adjacent pixels by setting a Wider 
range or different threshold than otherWise. Thereafter, all 
the pixels could be grouped as text, for example. 
Alternatively, the lighter pixel could be classi?ed differently 
than the surrounding pixels With more precision, and there 
after grouped With them by setting a loWer threshold or 
cut-off for the number of dark pixels in a region that are used 
to make an all black region. 

In a further aspect of one of the present inventions, 
components of the image can be connected so as to create 
regions, groups or aggregation’s of pixels that have been 
assigned an identical classi?cation. In one form, pixels are 
grouped according to tWo different levels, such as back 
ground versus non-background. In another form, they may 
be classi?ed as black, gray, gray edge, color, color edge, 
White, and so on. These latter classi?cations may be sub 
classi?cations, and if a majority of the pixels have been 
assigned a single sub-classi?cation, they may be classi?ed 
as text-only pixels. OtherWise, they may be classi?ed as 
graphic or pictorial. 

The evaluation of an image may be done on a pixel-by 
pixel basis to determine Whether or not the pixel it is black 
and White or graphic. 
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4 
These and other aspects of the present inventions may be 

considered further in conjunction With the draWings, a brief 
description of Which folloWs, and the detailed description of 
the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a system for analyZing 
images and producing an output for peripheral devices or 
modi?ed data ?les for subsequent use, in accordance With 
several aspects of the present inventions. 

FIG. 2 is a schematic block diagram of a system for 
analyZing images and destination applications for receiving 
a data ?le. 

FIG. 3 is a representation of a sample image that may be 
analyZed With the methods and apparatus of the present 
inventions. 

FIG. 4 is a representation of a user interface for an image 
scanner Which alloWs various levels of user control over the 
settings and the scan of an image. 

FIG. 5 is a How chart depicting an example process 
folloWed by one aspect of the present inventions for scan 
ning and analyZing an image. 

FIG. 6 is a How chart depicting steps of a method that can 
be carried out on an image, including analyZing the image 
for text and graphic. 

FIG. 7 is a How chart depicting steps in a method for 
image analysis in accordance With one aspect of the present 
inventions. 

FIG. 8 is a pro?le of modeled black text on the light 
background. 

FIG. 9 is a block diagram and graphical representation of 
a gradient computation using Sobel masks. 

FIG. 10 is a depiction of a system of equations for use in 
pixel classi?cation by luminence and chroma. 

FIG. 11 is a schematic representation of pixels depicting 
8-pixel connectivity. 

FIG. 12 is a graphical representation of an example of 
eight-neighbors connectivity for a gray scale image shoWing 
the original image and the connected components. 

FIG. 13 is a graphical representation of an example of 
connected components for a color image, including the 
original image and the connected components. 

FIG. 14 is a schematic representation of tWo-level hier 
archies for a class and for a region. 

FIG. 15 is a graphical representation of an example of 
hierarchical connected components for a color image, 
including the original image, top-level connected compo 
nents and sub-level connected components. 

FIG. 16 is a schematic representation of an architecture 
for raster-scan processing. 

FIG. 17 is a schematic representation of labeled and 
un-labeled pixels. 

FIG. 18 is a schematic representation of different possible 
pixel classi?cations that may lead to erroneous region 
boundaries. 

FIG. 19 is a schematic representation of a tWo-level linked 
list and an example process. 

FIG. 20 is a representation of pseudo-code for a joint 
operation. 

FIG. 21 is a representation of pseudo-code for a ?attening 
operation. 

FIG. 22 is a representation of a ?attening operation on a 
link before and after the operation. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The following speci?cation taken in conjunction With the 
drawings sets forth the preferred embodiments of the present 
inventions in such a manner that any person skilled in the art 
can make and use the inventions. The embodiments of the 
inventions disclosed herein are the best modes contemplated 
by the inventor for carrying out the inventions in a com 
mercial environment, although it should be understood that 
various modi?cations can be accomplished Within the 
parameters of the present inventions. 

Methods and apparatus are described for analyZing 
images having particular application to analyZing scanned 
images in order to reliably identify teXt and identify graphic. 
The proper identi?cation of teXt is relevant to ensuring that 
the data from the scanned image is in the most desirable 
form, such as high-resolution and loW bit depth. If the image 
data is not in the most desirable form, the image can be 
re-scanned With the scanner set With the desirable settings, 
or the image data may be in a form that can be processed and 
placed in the desired form. Proper identi?cation of an image 
is also relevant to ensuring that the data from the scanned 
image is in the most desirable form for output to a peripheral 
device or later processing in a speci?c application, or 
conversely, to ensure that the data is being sent to the device 
or application that can best process it. Proper identi?cation 
of graphic images is also important for similar reasons. For 
eXample, pictorial data may need to be enhanced or modi?ed 
prior to display or output, making it relevant to ensuring that 
the full dynamic range of the data is available. 

The methods and apparatus described make easier the 
proper setting of a scanner for acquiring image data corre 
sponding to an image of a given type. Where the image is 
analyZed and classi?ed according to a particular type, the 
image can then be scanned to acquire image data having the 
most desirable form for the particular image type. Moreover, 
the image analysis and classi?cation and subsequent scan 
ning can be carried out With little or no user intervention, for 
eXample using pre-established settings correlated to knoWn 
image types. Once the image type is knoWn, the proper 
settings can be applied to the scanner and the desired image 
data acquired and stored or sent to the appropriate destina 
tion. Alternatively, an image can be scanned once using 
optimum settings for as many likely formats as possible, 
after or during Which the image Will be classi?ed. Once the 
image is classi?ed to a suitable level of certainty, the image 
data could be transformed to a form suitable for the intended 
destination. 

It should be understood that the reference to an image and 
image data corresponds to all or any portion of an image on 
a document or other medium. For example, many documents 
include only one type or class of image, such as teXt only, or 
graphic only. Documents also may include a mixture of 
these tWo on the same page, such as graphic image in one 
region of the page and teXt only in another region of the 
page. Additionally, teXt can appear in an image as part of a 
graphic image, and users may have no desire to convert the 
teXt/graphic image to another form, such as pure black and 
White teXt to be edited. Therefore, reference to an image and 
image data may correspond to all or only part of the content 
of a document or other medium. It is intended that one or 
more aspects of the present inventions can operate on all 
parts or only portions of images. 

The description of the methods and apparatus of the 
present inventions Will focus primarily on their application 
to scanners and image data acquired through a scanning 
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6 
process. They have particular application to the use of 
scanners for scanning or copying documents, especially to 
identify an image that is teXt only or predominantly teXt, but 
it should be understood that one or more aspects of these 
methods and apparatus may also be suitable for other 
applications, such as analyZing and characteriZing data ?les 
that have been previously scanned or created in such a Way 
that any differentiation betWeen all teXt and all graphic no 
longer eXists. Therefore, these inventions should not be 
limited to the speci?c preferred embodiments discussed. 

In accordance With one aspect of the present inventions, 
a system 30 (FIG. 1) for analyZing, characteriZing or clas 
sifying an image may include a processor or a CPU 32 for 
receiving and processing image data or a portion of image 
data to be analyZed. The processor may also include a 
storage device for storing data as a default if no other 
destination is selected by a user or established as a default, 
or the image data may be stored remotely. Image data can be 
sent over a netWork or communications link 34 to a display, 
vieWing or projection device 36, Which can be a color or 
black and White monitor or other vieWing device. A key 
board 38 or other input device, such as a mouse, may be used 
to send commands or input data to the processor 32. For 
eXample, the keyboard can be used to select or con?rm 
settings for a scanner 40 linked or otherWise in communi 
cation With the processor 32 over the netWork 34, or to select 
one or more destinations for the data. The system may also 
include a printer or other output device 42 for receiving 
image or other data from the netWork 34. The scanner and 
printer may be a combined unit, or acting as a combined 
unit, for eXample to function as a copier, and other con?gu 
rations are possible as Well. 
The scanner 40 may be a conventional ?atbed scanner, a 

continuous feed, sheet-fed or scroll-fed scanner or other 
media-transport device that can sense information on a 

medium, such as on a document. The particular mode of 
acquiring data from the medium can take any number of 
forms, but the discussion of the present inventions Will focus 
primarily on document scanners using light to acquire data 
representing an image on the document. 

There are a number of destinations to Which the CPU 32 
(FIG. 2) could send the image ?le, including an OCR 
application 44 to convert the image ?le to a teXt or other 
editable data ?le, that can be processed With a generic or 
other Word processor 46, or a document program such as 
Microsoft Word 48, Which can receive editable teXt as Well 
as pictures, symbols, and other image ?les. The CPU 32 can 
also send the image ?le to an image processing program 50 
such as Microsoft Paint, Adobe Photoshop, or the like. Other 
applications programs may include Web authoring tools 52, 
presentation programs such as PoWerPoint, and the like. 
These destination applications have optimum data input 
formats, and the CPU 32 automatically, or based on input 
from the user, preferably establishes the appropriate settings 
for the scanner 40 so that the image data ?le sent to the 
applications programs Will be in the appropriate con?gura 
tion. Preferably, the CPU 32 sets the scanner 40 to acquire 
the data corresponding to the image at the proper resolution 
and bit depth necessary for optimum processing by the 
applications program. The CPU 32 can establish the proper 
settings based either on input from the user, based on the 
image analysis described herein, or through other means. 
Alternatively, the scanner can be set for optimum data 
acquisition corresponding to any possible image format and 
the CPU 32 can then process the image data ?le to convert 
it to the optimum format acceptable by the application 
program. For eXample, the image ?le can be con?gured so 
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as to be optimized for text only for an OCR application, for 
text as an image, for photo applications With appropriate 
color and/or gray scale information or mixed for photo and 
text With appropriate color and/or gray scale information. 

Considering in more detail an example of a scan 
sequence, the scanner 40 (FIG. 5) may come With softWare 
or otherWise include a user interface 54 (FIG. 4) Which may 
be used to select a previeW scan 56 and a ?nal scan 58. The 
user interface 54 is conventional, and previeW and ?nal 
scans are Well-knoWn. On the previeW scan, previeW scan 
data is fed from the scanner 40 to the CPU 32 in the form 
of one or more image strips 60 (FIG. 5). The image data can 
be received and processed by the CPU 32 in segments, 
blocks or strips as the scan is progressing, and even on a 
line-by-line basis, so that the image analysis and character 
ization can be carried out real-time. Each image strip is 
preferably fed to the CPU real-time as the scan is 
progressing, and is preferably multiple lines long. For 
example, each image strip may represent a percentage, such 
as 25 percent, of the entire image to be scanned, and may be 
several hundred lines Worth of image. The size of the image 
strip may be determined in part by buffer size and the like. 

In one preferred form of the inventions, the data can be 
processed by the CPU 32 as though all the data received 
after a start code or instruction and before a stop code or 
instruction is received is treated as a single image, even if the 
data is received in blocks or slices of data. For example, the 
CPU 32 can be instructed to begin processing upon the 
receipt of the ?rst group of lines of image, for example 25 
or 100 lines. The CPU can continue processing each addi 
tional line or each additional group of lines in sequence until 
the end of the image is received. Alternatively, the CPU 32 
can control the image analysis by controlling hoW image 
segments are fed into the image analysis process, the block 
or slice size processed, or in other Ways. 

In some circumstances, the image can be properly clas 
si?ed even before the scan has ?nished. For example, if the 
image is classi?ed as mixed, e. g. a mixture of text and photo, 
partway through the scan, so the image Will not be classi?ed 
as either all text or all photo, according to the criteria for 
making such a classi?cation, further analysis of the image 
may be unnecessary. The image data can then be sent to the 
CPU 32 for appropriate disposition outside of the image 
analysis and characterization process. While the image data 
can be received, analyzed and characterized after the scan 
has ?nished, real-time or segmented analysis is preferred in 
order to reduce the overall time used for processing the 
image data. 

The CPU checks 62 to see if any scaling is necessary, in 
Which case the image is scaled 64 to the appropriate size for 
further processing. If no scaling is necessary, the image 
scaling step 64 is bypassed. 

The CPU then checks 66 to see if a page analysis is to be 
carried out. Apage analysis may not be necessary if the user 
has manually entered settings for the scanner based on 
knoWledge of the image to be scanned, or if the proper 
settings have otherWise been set for the scanner, for 
example. The page analysis 68, described more fully beloW, 
is carried out if it is not bypassed, and the results are used 
by the CPU to process the image in an image processing step 
70. The results of the image processing step 70 are stored in 
an image cache 72 for subsequent processing 74, such as for 
sizing, sharpening, tone adjustment and the like. The pro 
cessed image is then provided to the user interface 54 in an 
image previeW step 76 folloWed by further editing 74 by the 
user or approval and storage in the image cache 72 if there 
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8 
are no further changes. When the last previeW is approved, 
the image area is established and the scan settings are 
established at 78 and the processor returns to the scanner 40 
for a ?nal scan. 

On a ?nal scan, each image strip 80 is sent to the CPU and 
checked 82 for any necessary scaling. Scaling is done at 84 
folloWed by image processing 86, as necessary, and any 
image editing 88, after Which the image is sent to the scan 
destination 90. Scanning can then be terminated or repeated, 
as desired. 

It should be noted that having a previeW and ?nal scan 
sequence are relatively traditional. HoWever, it is possible 
that the previeW and ?nal scans can be collapsed into a 
single series of steps, including scaling analysis, page 
analysis, image processing and editing, image previeW fol 
loWed by possible further image editing and ?nal delivery to 
a destination. Other combinations of steps are possible as 
Well. For example, as the ?rst scan, the image may be 
scanned at the maximum optical resolution and maximum 
depth supported by the scanner, and the image saved in a 
cache. The resolution and/or depth is then reduced to create 
the previeW image. When a ?nal scan is requested, the image 
in the cache may be processed to get the desired result, 
instead of starting a neW scan at the optimal settings for the 
image type. This approach may be used When the scanner 
does not support a previeW/?nal scan sequence, for example 
sheet-fed scanners that eject the sheets on Which the images 
are found. 

Considering the page analysis and editing process in more 
detail, an image strip 92 (FIG. 6) such as that described 
above is fed to the CPU 32. The CPU checks 94 to see if a 
page analysis is to be carried out, and if so, the CPU converts 
96 the image data to luminance form, using, for example, the 
established RGB (Red, Green, Blue) conversion factor 
0.299*R+0.587*G+0.114*B. This is the conversion factor 
that is conventionally used With the “sRGB” standard. If 
page analysis is not to be carried out, the CPU skips the 
luminance conversion step. The CPU then checks 98 to see 
if any roller artifacts need to be removed. Roller artifacts 
may be present in a sheet fed scanner Where the sheet may 
be smaller than normal size. Roller artifacts are removed 100 
if present, after Which the CPU checks 102 if the page 
analysis and characterization process is to be applied to the 
image strip. If so, the image strip is analyzed 104, as 
described more fully beloW, and if not, the image type 
analysis step 104 is bypassed. The CPU then checks 106 to 
see if the image needs to be auto-cropped or de-skeWed, and 
if so the image is processed 108 accordingly. The CPU then 
carries out other transformations 110, as appropriate. 

In a process in accordance With one aspect of the present 
inventions, once the appropriate hardWare con?gurations are 
set or available, as desired, the image or portion thereof is 
acquired and made available to the CPU 32. As previously 
noted, the use of the term “image” refers to all or part of an 
image on a document or other medium that is to be analyzed. 
Additionally, data representing the image can be acquired in 
any number of Ways, including through a scanner 40, 
through a communications link, or the like. Moreover, the 
image data ?le can be acquired in segments or as one 
complete ?le of the entire image under consideration. Once 
the image is acquired, it can be processed and analyzed as 
desired. 

Considering the image analysis and characterization step 
in more detail, in one form of a process for analyzing an 
image and characterizing the image as text only, picture or 
graphic only, or mixed, image data is received and elements 
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of the image are classi?ed, preferably on a pixel-by-pixel 
basis. In one preferred embodiment, each pixel is classi?ed 
as either White, black or color using an appropriate standard. 
In most of the embodiments under consideration, the image 
analysis and characteriZation is carried out With one purpose 
being the identi?cation of text-only images. 

The pixel image data is also analyZed to identify appro 
priate relationships betWeen pixels, especially those pixels 
adjacent to each other. In one preferred embodiment, pixels 
that are adjacent each other and that have the same 
classi?cation, such as black, White or color, are then 
grouped, aggregated or linked to each other and identi?ed as 
connected regions, sometimes referred to as blobs. In the 
preferred embodiments, the classi?cation of parts of the 
image as being related is intended to recogniZe and take 
advantage of the fact that related parts of an image Will have 
identical or similar characteristics. For example, regions of 
all black and White text Will share the characteristics that the 
pixels Will be either black, White or relatively sharp or steep 
transitions betWeen those tWo extremes, Whereas pictorial or 
graphic regions, represented in gray scale, Will have sub 
stantially more gray areas, softer or smoother transitions 
betWeen light and dark and comparatively feWer black and 
White pixels. Therefore, in the preferred embodiments, the 
pixels are not only analyZed for their content but also their 
relationship to adjacent and nearby pixels. 
As an additional step in one preferred aspect of the 

inventions, the different classi?cations are added, counted or 
otherWise evaluated to determine the relative magnitude, 
percentage or other measurement criteria corresponding to 
each of the different classi?cations. For example, the num 
ber of black regions or blobs, the number of White regions 
or blobs and the number of graphic regions are counted, and 
if the number of White and black regions is signi?cantly 
higher than the number of graphic regions, according to the 
cutoff or threshold set or established in softWare or 
otherWise, then the image can be classi?ed as black and 
White text. For example, in one preferred embodiment, if the 
number of black and White regions constitutes 95 percent of 
the image, the image Will be classi?ed as black and White 
text. If the number of black and White regions constitutes 
less than 5 percent of the image, the image can be classi?ed 
as graphic or pictorial. If the number is betWeen ?ve and 95 
percent, the image can be classi?ed as mixed. Other thresh 
olds and classi?cations can be used, as determined by a 
designer, and may depend on the types of images expected 
to be scanned or analyZed, the permissible tolerances or 
percentages desired, and the like. The thresholds or cutoff of 
?ve and 95 percent may be different, depending on What the 
designer selects as preferred criteria. 

Once the image is properly classi?ed, the CPU 32 has 
additional information useful for additional processing of 
the image. In one preferred embodiment, the CPU applies 
settings to the scanner 40 that are optimum based on the type 
of image being scanned. The scanner then carries out a ?nal 
scan, during Which the image data may or may not again be 
analyZed, and the image data from the ?nal scan received by 
the CPU. The CPU then either stores the image data or sends 
it to the desired destination. Alternatively, or in addition to 
setting the scanner, the image classi?cation developed by the 
CPU can be displayed on a user interface 54 (FIG. 4). The 
user can then af?rm the classi?cation determined by the 
CPU, request another previeW scan 56, change one or more 
settings or start the ?nal scan 58. 

By analyZing and characteriZing the image, the system 
can better ensure that the scan settings are proper and that 
the resulting image data is in the best possible form for the 
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10 
ultimate destination. CharacteriZing the image can be done 
Without user input, and alloWs proper acquisition of the data 
more quickly. 

Considering the image type analysis step 104 in more 
detail, an image strip 112 (FIG. 7) has been converted to 
luminence form. In the preferred embodiment, the image 
data is then processed line-by-line, and preferably on a 
pixel-by-pixel basis, to analyZe and classify each pixel, and, 
if possible, to group the pixels. The image data is checked 
for background levels so that digital values corresponding to 
true White and true black can be established. These values 
can remain ?xed for the entire image or may be dynamically 
established 114 over the image. In the preferred 
embodiment, the CPU receives a dynamic range and White 
point value to establish 114 a threshold value for What Will 
be considered White and a threshold value for What Will be 
considered black. In the preferred embodiment, the thresh 
old is taken as 0.95 times the value corresponding to White 
pixels, as determined by the Kittler-IllingWorth algorithm, or 
generally the value of the maximum or minimum digital 
value of the pixels in a line or series of adjacent lines. Digital 
values in betWeen Will be assigned different gray scale 
values, and gray values may be assigned using a similar 
threshold determination, such as anything betWeen 0.5 and 
0.95 times the value of the White pixels, as determined by the 
Kittler-IllingWorth algorithm. Black may then be anything 
equal to or beloW 0.5. Other or different thresholds may 
easily be set based on empirical factors, and the like. 
The CPU uses a gradient operator 116 to determine if a 

given pixel represents or is immediately adjacent an edge. 
The processor checks to see if the data is going from light 
to dark or dark to light and provides a representation as to 
the amount of change and the direction of change. The 
direction of the change Will indicate Whether the data is 
going from light to dark or from dark to light. The processor 
then determines Whether or not the change is signi?cant or 
large enough to represent an edge or is slight enough to 
represent the more gradual changes present in photo or 
graphic images. 
The threshold or thresholds established by the processor 

and the gradient values corresponding to the pixels in the 
line being analyZed are then used by the processor to classify 
118 each pixel. Using the threshold and the indication of 
Whether or not the pixel is on an edge, the processor decides 
Whether each pixel should be classi?ed as White, black or 
gray or color. If the pixel is above the threshold, it Will be 
classi?ed as White, and if it is at a digital value at the other 
end of the spectrum (beloW the gray threshold), it Will be 
classi?ed as black. If it is in betWeen, and the gradient value 
is small (beloW the gradient threshold, such as beloW 30) or 
otherWise indicating a gradual change, the pixel is classi?ed 
as gray scale or color. The classi?cation of each pixel is then 
stored, along With the gradient value, if desired. 
Additionally, each pixel can be assigned one of more than 
three values, in other Words intermediate values in addition 
to black, White or gray or color. For example, possible labels 
for each pixel may include dark gray, light gray, black, 
White, color, gray edge, color edge or other useful classi? 
cations. The labels or classi?cations and their number may 
depend on What the classi?cations ultimately Will be used 
for and the desired quantity and precision desired for the 
data. 

Preferably after the pixel classi?er, the processor analyZes 
120 the connectivity or relationships among pixels to iden 
tify connected regions or areas of pixels that can be classi 
?ed the same or suf?ciently similar to represent one type of 
pixel. For example, if one or more pixels immediately 














